Abstract
buffer was prepared by dissolving 300 g sodium citrate, 22 g 1,2-cyclohexanediamine-N,N,N,N-tetraaceticacid and 60 g NaCl in a volume of 1-L with the de-ionized water with subsequent adjustment of pH value to 5.0 -5.5). The Dionex ion chromatography-1100 was used for monitoring of ions i.e. Cl − , 3 NO − , 2 4 SO − , Na + , K + , Mg 2+ and Ca 2+ . The Thermos ICP-OES and ICP-MS (Polish Geological Institute, NRI, Central Chemical Laboratory, Warsaw) were employed for analysis of the elements.
Results and Discussion

Geology and Hydrology
The rock of the studied area was formed in the Archaean to Cenozoic ages. They consist of granite gneiss and granitoids covering with medium to coarse grained arkosic sandstone, a few pebble beds, conglomerate and shale of coal. The ground water occurs under phreatic, semi-confined and con-fined conditions control of the inter granular pore spaces in the shallow weathered zones and joints, fractures and caverns in deeper horizons. The water level depth is varied from 3.4 -11.6 mbgl (meter below ground level) during the post-monsoon period in the aquifers.
Physico-Chemical Characteristics of Groundwater
The physico-chemical parameters of the groundwater are presented in Tables 1-3 . The age and depth of 30 tube wells was ranged from 4.0 -130 Yr and 4 -18 m with mean value of 7 ± 1 Yr and 11 ± 1 m, respectively. A slight variation in temperature of the groundwater was recorded, ranging from 29.5 -31.2˚C with mean value of 30.6 ± 0.1˚C. The pH value of the water was varied from 5.9 -8.2 with mean value of 7.1 ± 0.2. The groundwater was found to be acidic in few locations (i.e. Surabahar, Sutara, Turali, Lalmatiya, Jenara, Dhelawdih, Banki Mongara, Dipka, Kusmunda, Bhilai, Hardibazar and Rumgara) due to the existence of higher content of the acids. The EC,TDS, DO and RP value of the groundwater was varied from 296 -964 μS/cm, 414 -990 mg/L, 5.6 -6.7 mg/L and 199 -241 mV with mean value of 497 ± 56 μS/cm, 628 ± 61 mg/L, 6.0 ± 0.1 mg/L and 218 ± 5 mV, respectively. The value of DO, EC and TDS was found moderately higher to the recommended value of 4.0 mg/L, 300 μS/cm and 500 mg/L, respectively [22] [23] . However, the RP value was observed to be at least 3-times less than the recommended value of 600 mV. 9 .0 -70, 0.4 -8.2, 0.2 -1.5 and 1.0 -2.4 mg/L with mean value of 5.5 ± 0.9, 34 ± 7, 28 ± 7, 21 ± 5, 24 ± 6, 3.7 ± 0.8, 11 ± 3, 31 ± 6, 16 ± 3, 31 ± 6, 2.2 ± 0.6, 0.5 ± 0.1 and 1.5 ± 0.1 mg/L, respectively. Similarly, concentration of other metals: Li, Be, Rb, Co, Ni, Cu, Sn, Sb, Mo, Cd, La, Ce, Pb and U was observed in microgram levels, ranging from 4.7 -36, 1.1 -6.7, 1.4 -38, 1.1 -7.7, 2.4 -27, 2.3 -22, 1.2 -11, 0.9 -9.8, 0.1 -5.0, 0.11 -0.33, 0.1 -2.1, 0.1 -0.8, 1.1 -29 and 1.0 -12 µg/L with mean value of 16 ± 3, 2.1 ± 0.5, 16 ± 5, 3.3 ± 0.8, 9.2 ± 2.4, 8.0 ± 2.1, 3.0 ± 1.0, 3.2 ± 0.8, 1.0 ± 0.4, 0.19 ± 0.02, 0.4 ± 0.2, 0.4 ± 0.1, 7.0 ± 2.4 and 2.5 ± 1.0 µg/L, respectively. Among them, the highest content of Cl − was observed, may be due to leaching from the coal. The occurrence trend of 27 elements in the water was found in following decreasing order:
The concentration of F − in the groundwater of the studied area was found to be comparable to F − contents reported in the water of other locations of the country [5] - [18] .
Factor analysis was used for 17 variables of the water. Four factors were extracted which explain 83.27% of the total variance. A 58.49% of the total variance was explained by Factor-1, showing strong positive loadings on EC, TDS, F − , Cl − , 2 4 SO − , Na + , Mg 2+ , Fe, Mn, Zn, Be, Rb, Co, Ni, Cu, Cd, Pb, La, Ce and Ca 2+ . They were related to the mineralization of the groundwater which involved also weathering of gypsum and fluoride bearing minerals such as CaF 2 . They were correlated well in the water as shown in Table 4, Table 5 . A 10.93% of the total variance was accounted by factor-2, pyrite with strong positive loadings on 3 
NO
− and K + , related to coal burning and mining activities. A 7.78% of the total variance was explained by factor-3, describing a strong loading on SiO 2 . A 6.06% of total variance was explained by factor-4 related to the age factor of tube wells.
Physico-Chemical Characteristics of Surface Water
The physico-chemical characteristic of the surface water is shown in Tables 6-8. The value of T, pH, DO, RP, − in the surface water of the studied basin was found to be higher than other locations of the country [19] [20] .
The factor analysis was applied and four factors were extracted. Factor-1 was accounted for 48.70% of the total variance, related to anions, Ca 2+ and Mg 2+ . It could be correlated to complex processes such as weathering of fluoride bearing minerals (AlF 3 , CaF 2 , MgF 2 ), gypsum, carbonate minerals and anthropogenic activities i.e. coal burning and leaching, aluminum plant effluents, etc. Factor-2 was accounted for 22.15% of the total variance, related to EC, TDS and Na + which determined the mineralization of pond water. Factor-3 was accounted for 16.23% of the total variance having strong loadings of Fe and Mn, related to the speciation of Fe and Mn in the water. Factor-4 was accounted for 9.23% of the total variance, negatively loaded with the pH values. This factor was in the inverse relationship with the other factors.
Water Quality
The concentration of F − , Al, Mn and Fe was found to be several folds higher than recommended value of 1.0, 0.03, 0.10 and 0.30 mg/L, respectively. The higher values of EC, TDS, RP, F − , Cl − , 3 NO − , Mg 2+ , Ca 2+ , SiO 2 , Al, Fe, Ni, Zn, Sb, Pb and U in the groundwater than the surface water was observed, may be due to leaching from the coal (Figure 2, Figure 3) . The main sources of the contaminants in the water of the studied area expected are coal mine leachates and the Aluminum and Thermal power plant effluents discharged into the environment.
Exposure Assessment
The toxic elements i.e. F − , Al, Mn, Fe, Cu, Cd, Pb and U are exposed to human and animals through the contaminated water. Among them, the concentration of F − is dominated in ground and surface water. The stool and urine samples were reported as good indicator for the exposure assessment. In this study, the F − content was analyzed in stool and urine samples of domestic animals i.e. cattle, buffalo, sheep and goat ( Table 9 ). The F − concentration in the urine and stool samples (5 × 4 × 2 = 40) was ranged from 32 -63 mg/L and 186 -356 mg/kg with mean value of 44 mg/L and 266 mg/kg (dried mass), respectively. The highest F − concentration was observed in the goat clinical samples, which might be due to higher intake of the contaminated biomass and water (Figure 4) . Several cases of fluorosis diseases in the domestic animals of the basin was observed and shown in Figure 5 .
Conclusion
The water of the Korba basin is contaminated with elements (i.e. burning, Aluminum plant effluent, mine leachate, etc.). Fluoride is enriched and several folds higher in the animal urines than recommended limit of 4 mg/L with higher prevalence of fluorosis diseases. The domestic animals are severely affected with fluorosis diseases due to higher consumption of the contaminated food and water.
